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EF07: Heavy Ions and High Density QCD
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Goal: Prospects for heavy-ion physics at future heavy-ion 

colliders and physics at electron-ion colliders, with particular 

emphasis on the impact that this will have on the physics 

program of the EF.

ÅCommunication
ÅMailing list: 

ÅSNOWMASS-EF-07-HEAVY-IONS@FNAL.GOV

Å50 members have joined the list

Å Slack channel: ef07-heavy_ions

mailto:SNOWMASS-EF-07-HEAVY-IONS@FNAL.GOV
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EF07 Heavy Ions Meetings

ÅWe plan to have the biweekly meeting on Wednesday 

9:00 ï10:30 AM EDT

ÅKickoff meeting on 5/27

ÅIndico page: https://indico.fnal.gov/category/1141/

ÅEF07 Workshop at MIT / RIKEN in 2021

EF07 Heavy Ions

https://indico.fnal.gov/category/1141/
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HEP@EIC

4EF07 Heavy Ions

ÅWill be single joint effort among EF04, EF05, EF06 & EF07

ÅCoordinated the EIC user group

Åthere will be a single workshop, jointly among EF04-07 

and coordinated with the EIC user group; most likely 

we will have a CFNS (BNL/SBU) supported Snowmass 

workshop in early 2021

Åthe outcome of this Snowmass workshop will be a 

single combined Snowmass proceeding addressing 

HEP@EIC
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LHC Timeline and RHIC (STAR/sPHENIX)
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Long shutdown 2 Long Shutdown 3wǳƴ о wǳƴ пwǳƴ н

2018 20202019 2021 2022 2023202420252026 2027 2028 2029

LHC
PbPb  7 nb-1 PbPb  7 nb-1

tƘŀǎŜ м ¦ǇƎǊŀŘŜ Phase 2 Upgrade

HL-LHC
PbPb 1.8 nb-1

pO, OO, pPb

sPHENIX construction

ǎtI9bL· Lƴǎǘŀƭƭŀǘƛƻƴ 
ŎƻƳƳƛǎǎƛƻƴƛƴƎ

RHIC EIC
Run 1 Run 2?
pp, pAu pp

AuAu 120 nb-1 AuAu 80 nb-1

Å Jetting through Lower Temperature
Quark Soup from Gold+Goldcollisions at 200 GeV

Å Direct comparison with LHCdata!

{¢!w CƻǊǿŀǊŘ 
¦ǇƎǊŀŘŜ

New ALICE detector?
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Energy Frontier Probes in Heavy Ion Collisions
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ÅEWbosons:
ÅNuclear Parton Distribution Functions (from W/Z)

ÅHiggs production in heavy ion collisions

ÅHeavy flavors mesons
ÅCharm diffusion in AA and search for the effect in pA, pp and eAcollisions

ÅHadronization mechanism of charm and beauty

ÅJetand top as chronometer of QGP
ÅWmassinboostedtop decay 

ÅJet substructure as a probe of QGP start and end time

ÅExotic probes:
ÅProbeX(3872)withQGP

ÅAnti-hyper nuclei

ÅExtreme QED probes:
ÅLight-by-light scattering

ÅnPDFfromQuarkonia production in UPC

ÅExtremely high multiplicity events:
ÅEmergence of high density QCD phenomena in small systems 

ÅSearch forcollective behavior in eeand eAcollisions

ÅFlow-like signal in pp and pAcollisions
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Parton Distribution Function (PDF)
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Input Data for Nucleon PDF

LƴǇǳǘ 5ŀǘŀ ŦƻǊ Lƻƴ t5C

Poor understanding of PDF due to 

the limited amount of ion data 

Lead Ion ÍSuperposition of Neutrons and Protons
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45 Pb collider data vs.1200 proton collider data



Yen-Jie Lee

nPDF Constraint from pPb Collisions
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nPDF from Ultra-Peripheral PbPb Collisions
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HL-LHCPresent Data Performance of UPC QuarkoniaUPC J/ɣin Run 1 + 2015 Data

ÅUltra-Peripheral PbPb Collisions(UPC): ɾ+Pbcollisions!

ÅHL-LHC data: Precise measurements of Y(1S), J/ɣand ɣ(2S)over 

a very wide x range, test Q dependenceof nuclear modifications

ÅTogether with (di-)jet data in UPC PbPb and pPb collisions: 

strong constraint on the gluon nuclear PDF

Y(1S)

Ɋ(2S)

J/ɣ

Pb

Pb
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Higgs Production in Heavy Ion Collisions
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Ű~ 50fm/c > lifetime of QGP

HE-LHC

FCC

Cross-section of Higgs increase by a factor of 20 in PbPb collisions from 5.5 TeV to 39 TeV

arXiv:1701.08047


